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Gangrenous cholecystitis is difﬁcult to diagnose clinically and carries risk of morbidity and mortality if
not treated urgently. Complex scoring systems exist to predict the condition. C reactive protein may be a
single independent predictor as suggested in this small study.
Background: Gangrenous cholecystitis (GC) is a serious sequel of acute cholecystitis occurring in 2e30%
patients and has a mortality of 0.2e0.5%. Urgent surgical intervention is important to reduce morbidity
and mortality therefore it is important to identify patients with GC from non-severe cholecystitis. The
aim of this study is to determine biochemical and radiological markers, which is associated with the
development GC and the value of C-reactive protein (CRP) at different cut-offs in predicting GC.
Methods: This is an observational cohort study of all consecutive patients who presented with biliary
symptoms to the emergency department in a large NHS Hospital in the UK, from January to December
2012. They had cholecystectomies performed either during index admission or electively at later date by
a team of 4 upper gastrointestinal surgeons. The gangrenous nature of the gallbladder was determined
by operative ﬁndings and/or histopathology results. Parameters including age, gender, albumin, jaundice,
gallbladder wall thickness on ultrasound scan, highest preoperative white blood count (WBC) and CRP
value, were examined for their predictive value.
Results: 141 patients presented with acute biliary problems. 22 underwent emergency cholecystectomy
and 119 were discharged and called back for elective surgery. Of these, 16 were gangrenous (11%). Pa-
tients with GC were signiﬁcantly older (p ¼ 0.016), had signiﬁcantly higher CRP (p < 0.001) and WBC
(p ¼ 0.001), signiﬁcantly lower albumin levels (p < 0.001) and higher percentage with thick walled
gallbladder (p < 0.001). We found that a CRP value of more than 200 mg/dL has a 50% positive predictive
value and 100% negative predictive value in predicting gangrenous cholecystitis with 100% sensitivity
and 87.9% speciﬁcity.d, R Reddy, RS Date. Is C-reactive protein a good predictor of gangrenous cholecystitis? e A pilot study. Presented at
ber 2013, The Sage Gateshead. Abstract published in British Journal of Surgery 2013; 100 (Suppl. 8): 1e62.
er, Manchester Academic Health Science Centre, Lancashire Teaching Hospital NHS Foundation Trust, Chorley PR7 1PP,
by Elsevier Ltd. All rights reserved.
K.W.J. Mok et al. / International Journal of Surgery 12 (2014) 649e653650Conclusions: In this study CRP on its own has been shown to have high predictive value in predicting GC,
but larger studies are needed to validate this ﬁnding. Monitoring trend of CRP in patients with acute
cholecystitis may help early diagnosis and decision for early surgical intervention.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Gangrenous cholecystitis (GC) is a severe form of acute chole-
cystitis, which requires early cholecystectomy. GC can be deﬁned as
acute cholecystitis with transmural inﬂammation and loss of mu-
cosa and necrosis of the gallbladder wall. It is prevalent in 2e30% of
patients with acute cholecystitis [1,2]. Morbidity and mortality of
GC is high (0.2e0.9%) [3], and previous studies have shown this can
be reduced by early diagnosis and treatment [4]. However clinical
diagnosis of GC remains difﬁcult and there are no pathological or
ultrasonographic criteria in differentiating between GC and acute
non-gangrenous cholecystitis. This differentiation is important for
early intervention [5].
In several retrospective studies, male sex, older age groups,
white blood count (WBC) of more than 14  109/L have been found
to be associated with the development of GC [6e8]. Yacoub et al.
have developed a scoring system based on age, gender, heart rate,
WBC and gallbladder wall thickness on ultrasound scan to diagnose
GC [9]. In their series of 245 patients, prevalence of GC was 87% in
high scoring group. Recently published Tokyo guidelines (TG13)
have used complex scoring system based on clinical, biochemical
and radiological criteria for severity grading of acute cholecystitis
(AC). These scoring systems, although reliably predicts GC, lack
simplicity and have limited practical application.
Association of GC with high CRP levels has been consistently
noted in our practice. Incorporating CRP in the assessment of pa-
tients with potential severe cholecystitis/GC together with other
known parameters noted above may be of value in improving the
accuracy in diagnosis and therefore early intervention. The aim of
this study was to determine the predictive value of CRP at different
cut-off values in diagnosing gangrenous cholecystitis.
2. Methods
This is a retrospective cohort study of all the consecutive pa-
tients who had cholecystectomy performed in a single NHS Trust in
the UK between January to December 2012. All the patients were
operated by four upper GI consultants or by their trainees under
their direct supervision. Data analysis was performed for patients
who had admission with acute cholecystitis. Acute cholecystitis
was diagnosed by clinical examination and conﬁrmed by ultra-
sound scan.
2.1. Inclusion criteria
 All the patients 18 years and above who had acute admission
with biliary problem
 CRP checked at least once during acute admission
 Patients who had cholecystectomy either during index admis-
sion or electivelyFig. 1. Flowchart illustrating numbers included in this study.2.2. Exclusion criteria
 Patients admitted through outpatient clinic for elective
cholecystectomy Patients who did not have their CRP checked during acute
admission
 Patients with high CRP that could be due to associated condition
e.g. acute pancreatitis
 Patients with malignancy conﬁrmed on histology.
Highest CRP (mg/dL), and WBC (109/L), on admission for
gallstone related emergencies were recorded for all the patients.
Other parameters recorded include: age, gender, albumin (g/dL),
bilirubin (>30 mmol/L), presence/absence of thick walled gall-
bladder on ultrasound scan (>4 mm), and presence/absence of
common bile duct stones.
Gangrenous cholecystitis was deﬁned by either operative ﬁnd-
ings (macroscopic appearance of gangrenous gallbladder or gall-
bladder perforation) and/or histological ﬁndings (acute
cholecystitis with transmural inﬂammation and loss of mucosa).
Those patients who had high CRP (>200) during their index
admission but were operated on at a later date electively are
summarised in Table 5.2.3. Statistical analysis
Statistical analysis was performed using statistical packages
SPSS and StatsDirect (StatsDirect statistical software. England:
StatsDirect Ltd. 2013). The Shapiro and Wilk's W test for Normality
was used to determine whether continuous variables could be
assumed to have a normal distribution. The result of this normality
test would then determine whether statistical analysis would be
performed using a two-sample t-test or ManneWhitney U test for
continuous variables. A chi-square test was used for categorical
variables. Univariate analysis and multiple logistic regression
analysis were performed to determine which variables were sig-
niﬁcant in predicting gangrenous cholecystitis.
A Receiver Operating Characteristic (ROC) curve was used to
investigate the diagnostic accuracy of CRP in predicting gangrenous
cholecystitis.
A p-value of less than 0.05 was considered signiﬁcant for all
statistical tests.
Table 1
Preoperative patient and laboratory data of patients who had previous admission
with biliary problems.
Non gangrenous Gangrenous p-value
N 125 16
Gender (% male) 29.6 43.8 0.263
Age (years) median (IQR) 55.0 (37.0e65.0) 68.5 (43.3e76.8) 0.016
CRP (units) median (IQR)a 20.6 (4.3e112.8) 331.0 (269.1e348.0) <0.001
WBC (units) median (IQR)b 9.1 (6.9e12.7) 14.9 (10.0e18.5) 0.001
Albumin (units)
median (IQR)c
41.0 (39.0e45.0) 31.0 (29.0e39.0) <0.001
Jaundice (% present) 14.4 25.0 0.278
USS thick walled GB
(% present)
31.2 81.2 <0.001
a Analysis of CRP was based on a sample size of 140 (125 non-gangrenous and 15
gangrenous patients).
b Analysis of WBCwas based on a sample size of 140 (125 non-gangrenous and 15
gangrenous patients).
c Analysis of Albumin was based on a sample size of 138 (123 non-gangrenous
and 15 gangrenous patients).
Fig. 2. Receiver operating characteristic (ROC) curve for CRP as a single predictor.
Table 3








200 100.0 78.2e100.0 88.0 80.9e93.1
220 86.7 59.5e98.3 89.6 82.9e94.4
240 86.7 59.5e98.3 90.4 83.8e94.9
250 80.0 51.9e95.7 90.4 83.8e94.9
280 73.3 44.9e92.2 92.0 85.8e96.1
300 66.7 38.4e88.2 92.8 86.8e96.7
a Results based on a sample size of 140 (125 non-gangrenous and 15 gangrenous
patients).
Table 4
Relation between results of CRP with cut-off 200 and histology.
CRPa Histology Total
Gangrenous Non gangrenous
>200 15 15 30
200 0 110 110
Total 15 125 a140
a Results based on sample size of 140 (125 non-gangrenous and 15 gangrenous
patients).
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A total of 375 patients underwent cholecystectomy during the
studyperiod.Of these141patientswere included in the study (Fig.1).
CRP was not available for 48 patients with acute biliary symptoms
requiring admission. No explanation could be found for this. Out of
these 141 patients, 22 patients underwent emergency cholecystec-
tomy during their index admission and119were dischargedhome to
be operated on electively at a later date. Index admission cholecys-
tectomies were not offered to all patients who presented as emer-
gency with acute cholecystitis due to logistic reasons therefore the
119 electively operated patients were considered along with the 22
who had emergency cholecystectomy. In the study group 16 patients
were found to have gangrenous gallbladders and none in the
remaining group. Out of 16 patients with GC, 15 had emergency
cholecystectomy and the remaining onewas operated electively. His
CRP during acute admission was 290. He had 2 preoperative ERCPs.
Duringhisoperationhewas found tohave intrahepaticperforationof
GBwith stones embedded in intrahepatic cavity. Gangrenous nature
of gallbladder was conﬁrmed on histology. 1 patient in the GC group
did not have pre-operative CRP,WBC and albumin data therefore not
included in the analysis.
Patients with GC were signiﬁcantly older, had a signiﬁcantly
higher CRP and WBC and signiﬁcantly lower albumin levels. Also, a
higher percentage of patients with GC had a thick walled gall-
bladder on ultrasound scan in comparison to patients without GC
(Table 1).
The unadjusted odds ratios produced from univariate analyses
(Table 2) reﬂect the results found in Table 1. Based on the univariate
analyses, variables WBC, CRP, Albumin, ultrasound scans showingTable 2
Unadjusted and adjusted odds ratios from univariate analyses and multiple logistic regression analysis, respectively.
Unadjusted
odds ratioa




95% CI Wald p-value
(adjusted)
Gender (male) 1.85 (0.64e5.34) 0.255 0.82 (0.16e4.27) 0.811
Age (60 and over) 3.18 (1.08e9.34) 0.035 0.43 (0.07e2.78) 0.379
CRP (units) 1.02 (1.01e1.03) <0.001 1.02 (1.01e1.03) 0.001
WBC (units) 1.23 (1.09e1.39) 0.001 1.07 (0.89e1.28) 0.465
Albumin (units) 0.76 (0.67e0.86) <0.001 0.90 (0.77e1.04) 0.156
Jaundice (present) 1.98 (0.58e6.83) 0.279 1.41 (0.17e11.48) 0.747
USS showing thick walled GB (present) 9.56 (2.57e35.45) 0.001 0.43 (0.05e3.43) 0.424
a Unadjusted odds ratios for Gender, Age, Jaundice and USS thick walled were based on a sample size of 141; CRP andWBC were based on a sample size of 140 and Albumin
on a sample size of 138 (as shown in Table 1).
b Adjusted odds ratios for all variables were based on a complete data set sample size of n ¼ 138 (123 non-gangrenous patients and 15 gangrenous patients).
Table 5
Electively operated patients with previously high CRP of >200.
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K.W.J. Mok et al. / International Journal of Surgery 12 (2014) 649e653652thick walled gallbladder and age were all found to be signiﬁcant in
predicting GC (Table 2). Table 2 also showed that, even when CRP
was adjusted for the other variables, CRP was still found to be
signiﬁcant in predicting GC.
The area under the receiver operating characteristic curve for
CRP as the single predictor (Fig. 2) has been calculated as being
0.956, with a 95% conﬁdence interval of 0.923e0.989. This shows
that CRP would be considered to be “excellent” at separating
gangrenous from non-gangrenous patients.
CRP of 200 appears to be the best cut-off point for predicting for
gangrenous cholecystitis, in terms of both sensitivity and speciﬁcity
(Table 3). Positive predicted value for CRP, with a cut-off of 200, was
50% and that the negative predicted value for CRP, with a cut-off of
200, was 100%. Hence, all of the patients with a CRP of 200 or less
were correctly diagnosed as not having gangrenous cholecystitis
(Table 4).4. Discussion
This study shows that variables WBC, CRP, albumin, USS
showing thick walled GB and age, are all signiﬁcant in predicting
GC. Even when adjusted for other variables, CRP was still found to
be signiﬁcant in predicting GC.
This study supports some of the ﬁndings from previous studies
looking into predictors of GC. In a study by Borzellino, fever,
distension of gallbladder, wall oedema and preoperative adverse
events were noted to be high risk for GC, but high WBC, diabetes
and previous cardiovascular co morbidities were not signiﬁcant
factors [10]. In their original paper in 2011, Nikfarjam et al.
described signiﬁcant association of clinical (older age, diabetes,
fever, tachycardia, guarding) and biochemical parameters (elevated
WBC, CRP, bilirubin, urea and creatinine) with GC [11]. A recent
study done by the same author described only 3 factors to have
strong association with GC- male gender, old age and associated co
morbidities [12].
This current study highlighted CRP as an important variable in
predicting GC, which has only limited data from other studies. Two
other studies have reported CRP in predicting severity of chole-
cystitis [11,13]. Nikfarjam et al. found that GC has signiﬁcantly
higher CRP than non-gangrenous cholecystitis (94 mg/dL vs. 17 mg/
dL), whereas in our study we found this to be 330 mg/dL vs. 20 mg/
dL. The study by Juvonen et al. showed that large increases in CRP
were associated with both infected bile and gangrene of the gall-
bladder. The Tokyo guidelines have used CRP of >3 mg/dL as one of
the diagnostic criteria but have not used it with different cut-offs
for diagnosing severity [14]. Our results suggest that CRP cut-off
of 200 has a high predictive value for GC. Its negative predictive
value is 100% at this cut-off and this may be a useful adjunct for
identifying patients suitable for conservative treatment. This is
particularly useful in a healthcare system with constrained re-
sources, which cannot provide emergency cholecystectomy to all
patients who present with acute cholecystitis. Those with higher
CRP are likely to beneﬁt from emergency cholecystectomy as theiroperation is likely to be equally difﬁcult if not more e if done
electively at a later date e as suggested in our study.
Those patients who had high CRP (>200) during their index
admission but were operated on at a later date electively were
found to have pathologies like Mirizzi syndrome, gallbladder
perforation or cholecystoduodenal ﬁstula and the gallbladders
were either ﬁbrotic or ulcerated. It would be reasonable to assume
that if these patients were to be operated at index admission when
their CRP was >200 mg/dL, their gallbladders would have been at
least very severely inﬂamed if not gangrenous and subsequent
pathologies found at elective operations were natural sequel of GC.
Many of these patients were not thought to be clinically unwell
enough to warrant emergency cholecystectomy.
The investigated variables in this current study have been
limited to objective measures such as laboratory ﬁndings and
radiological ﬁndings. We have not incorporated other important
variables including physical examination due to subjective nature.
Other limitations of the study are retrospective nature and
extrapolation of results from delayed surgery. The study also lacks
the CRP data in patients referred to outpatient clinic and also the
data from similar admissions to the nearby trusts. It should also be
noted that histopathology reporting is not necessarily accurate in
diagnosing various grades of severity as illustrated in a previous
study [15].
Even though emergency cholecystectomy during index admis-
sion is well documented to be safe and cost effective for acute
cholecystitis [16], in the United Kingdom many NHS trusts cannot
offer emergency cholecystectomy to their patients due to logistic
reasons [17]. In a system like this, it is important to have reliable
criteria to differentiate gangrenous cholecystitis from non-severe
cholecystitis to offer emergency cholecystectomy. Although GC is
a clinical diagnosis, which relies on assessment of patients and
clinical parameters, in the emergency setting CRP is a useful
adjunct for the decision making to operate urgently. The trend of
CRP is more useful than a single reading and in practice it may be
more prudent to offer emergency cholecystectomy to those with
CRP rising above 150 rather than waiting for it to rise to 200 or
more.5. In summary
CRP on its own offered good prediction of GC with high sensi-
tivity and speciﬁcity. When CRP was used in combination of other
factors found in this paper and other studies (WBC, male sex,
age > 60, US ﬁndings), the probability of ﬁnding gangrenous
cholecystitis was even higher. Validation of this ﬁnding in emer-
gency setting with larger number is necessary for rapid assessment
of the need for emergency cholecystectomy. If validation conﬁrms
the ﬁnding of this study CRP may become a useful tool in deter-
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